R ecurrent disc herniation is often defined as the occurrence of herniated disc material at the same level in a patient who has undergone discectomy, with or without instrumentation, and experienced a painfree interval of at least 6 months. Such herniations occur in 5 to 15% of patients who undergo primary surgical treatment of an initial disc herniation, 1 and they are often removed during subsequent surgery that can alleviate symptoms rapidly and, in the best case scenario, be curative.
Surgical treatment using a posterior approach is usually the first choice of treatment for recurrent lumbar disc herniation, especially for those patients who have undergone primary discectomy only. However, posterior surgery may be problematic if the initial surgery involved posterior instrumentation due to the presence of scar-tissue and adhesions around the neuro-elements and the hardware. In such cases, further posterior surgery may also cause severe muscle damage. Anterior surgery may provide an ideal solution for this kind of patient because it allows a more complete excision of the disc, avoids para-spinal muscle trauma, and reduces the risk of partial denervation related to nerve retraction, leading to a quicker functional recovery. [2] [3] [4] [5] Since the anterior surgical approach for lumbar interbody fusion was first described by Capener 6 in 1932, anterior lumbar interbody fusion (ALIF) has become an increasingly popular method for treating a variety of conditions, including degenerative disc disease, internal disc disruption, pseudarthrosis, chronic spinal instability, and failed posterior arthrodesis. However, traditional methods of performing ALIFs, which used a wide-open anterior approach, have largely been abandoned due to significant complication rates and a high incidence of pain and abdominal wall herniation after surgery. A minimally invasive laparoscopic anterior approach for the ALIF procedure using threaded interbody metallic cages offers a viable alternative. 7 However, some authors consider laparoscopic procedures to be impractical due to the steep learning curve, technical complexity, expensive instrumentation, limited visualization of the spine, and the absence of clear benefits over open procedures in terms of complication rates and outcomes. 5, 8, 9 Another option for performing ALIF is the mini-open technique, as a modification of the traditional open transperitoneal approach. 10 Mini-open spinal fusion techniques use a table-mounted retractor system and small-incision exposure to obtain direct visualization of the fusion site. This procedure has been shown to minimize the approachrelated morbidities and reduce the complication rate compared with traditional open techniques or laparoscopic procedures, without the need for expensive instrumentation or highly trained personnel, thus making it more costeffective. 8, [11] [12] [13] [14] [15] For patients with recurrent disc herniation who have posterior instrumentation in place, the mini-open approach may offer the same benefits as laparoscopic techniques but with lower equipment costs, fewer technical difficulties, and reduced surgical duration and complication rates. This article describes the mini-open anterior approach and experience of its use in 35 patients with recurrent lumbar disc herniation following primary posterior instrumentation.
MATERIALS AND METHODS

Patients
Clinical and radiological data were studied retrospectively in 35 consecutive patients who underwent mini-open ALIF procedures for recurrent lumbar disc herniation following primary posterior instrumentation. The patients comprised 25 women and 10 men with a mean age of 52.8 years (range: 30-70 years old) in whom surgery was performed between August 2001 and February 2012 by the same surgical team. This cohort's average body mass index (BMI) averaged 23.5 (range, 18.6-29.2). Age, gender, and operative details for all patients are summarized in Table 1 .
All the patients had previous surgery in local hospitals, involving PLIF or TLIF for disc herniation with or without ossification of the herniated tissue, lumbar segmental instability, or spinal canal stenosis. They combined with posterior-lateral fusion (PLF) or conventional discectomy in adjacent segment, and all the recurrent herniation occurred in these segments because of residual disc tissues without occurring at the PLIF or TLIF levels. There were 13 patients who had been performed PLF in the segment of recurrent herniation and 22 patients who had been performed conventional discectomy in adjacent segment of PLIF or TLIF levels ( Table 1 ). And that most of the patients had a sensory or motor deficit that correlated with the level of the disc herniation. Indications for previous (primary) surgery were intractable radicular pain combined with back pain of 8 weeks' duration refractory to conservative treatment, a trial of prolonged multimodal conservative management consisting mainly of stretching and strengthening exercises, and a course of analgesic and muscle relaxant agents had failed. They all underwent one operation.
After entering our hospital, mini-open ALIF procedures were performed at spinal levels L4-L5 (n ¼ 14), L5-S1 (n ¼ 15), or both L4-L5 and L5-S1 (n ¼ 6). Indications for surgery included intractable (i.e., unremitting) low back pain with or without sciatica, together with sensory or motor deficits. After surgery, each patient was followedup through the outpatient clinic for almost 2 years. Postoperatively, radiographs, spinal computed tomographic (CT) scans, and magnetic resonance imaging (MRI) studies were carried out to assess fusion. Bony fusion was defined as a continuous region of bone bridging two adjacent vertebral bodies within the intervertebral space. 10 Oswestry Disability Index (ODI) and Visual Analog Scale (VAS) were used to assess clinical outcome at 2 days, and at 3, 6, 12, and 24 months postoperatively. The clinical outcome was graded by treating surgeon according to the modified Macnab criteria. 16 
Pre-operative Evaluation
Radiographic Examination Pre-operative radiographs, CT angiography (CTA) (Figure 1 ), spinal CT scans, and MRI of the lumbar spine were performed on all patients (Figures 2 and 3A-C) . CT 3D reconstruction or MRI showing the depth of tissue from the skin surface to the spine was used to ensure the accessibility of the mini-open approach. An abdominal aortic CTA scan and CT 3D reconstruction was used to locate the abdominal aorta and abdominal aortic bifurcation in order to identify the pre-vertebral area of L4-S1 before the operation. Exclusion criteria included vascular malformation or calcification, active infection, significant cardiac or circulatory disease, metabolic bone disease, significant malignancy, and significant psychological or psychosocial 
Surgical Technique
Cathartic and enema were given pre-operatively to evacuate the bowel and minimize postoperative constipation, respectively. Under general anesthesia, patients were positioned supine on a radiolucent operating X-ray table with an inflatable bag under the lumbar region. The main surgeon stood on the left side and the assistant on the right side of the patient. The level of the transverse incision depends on the level of the spine to be approached. This was identified using a spinal C-arm fluoroscope. The incision for L4-L5 is usually placed just below the umbilicus. As for L5-S1 procedures, the incision was usually performed at the junction of the lower and middle thirds of the line between the umbilicus and the pubic symphysis ( Figure 4A ). Initially, a transverse incision approximately 50 mm long was made at the appropriate level ( Figure 4B ), and this was followed by another incision along the inner edge of the left rectus abdominis sheath to expose the rectus muscles. The peritoneum was exposed after carefully scoring the posterior sheath that may be quite fragile. Care was taken to prevent peritoneal lacerations. The retroperitoneal space lies directly opposite the vertebral body. By gently retracting the peritoneum together with the abdominal organ toward the mid-line, the common iliac artery and vein could be visualized. The ureter was identified running anterior to the psoas muscle. The former was also retracted together with the peritoneum. The pre-vertebral soft tissues, including the fibers of the superior hypogastric plexus, were then exposed. They were carefully and softly pushed to the left side using cottonoid pads to circumvent damage to the plexus. An abdominal retroperitoneal approach to the appropriate disc space was achieved using the SynFrame retractor system (depuy and synthes) ( Figure 4B-D) . Thus, the anterolateral circumference of the relevant spinal segment was displayed. At L5-S1 level, additional care was taken and unnecessary use of electrocautery was avoided to prevent pelvic sympathetic disruption. This is because it has been reported to lead to retrograde ejaculation in male patients. 11 The great vessels and their tributaries were mobilized to expose the disc space. When the intervertebral region was uncovered, the resection of the anterior longitudinal ligament and relevant intervertebral disc, including the posterior annulus fibrosus, was performed consecutively. We directly visualized the dura or nerve root to confirm decompression following removal of the herniated tissue. Even if there was scar, it was not adhered to the herniated disc. Once the extruded fragments were removed, the disc space was cleaned and the endplates were carefully prepared for bone fusion ( Figure 5A ). Interbody fusion was performed under fluoroscopic guidance. The ALIF cage was implanted along with screw fixation ( Figure 5B ). Fluoroscopy showed satisfactory implant position ( Figure 5C, D) .
Postoperative Management
Antero-posterior and lateral plain radiographs and CT scans were obtained approximately 3, 6, 12, and 24 months after surgery, together with MRI at approximately 12 months postoperatively to ensure the location of the titanium cages and to judge the effectiveness of the resection of extruded disc fragments ( Figure 6A-C ). There were one independent experienced surgeon (LJH, 5 years of experience in spinal surgery) and one attending radiologist (15 years of experience in radiological assessment) who were responsible for assessing post-op radiographic examination and they were blinded to patient information. However, the experienced surgeon was one of the authors and the attending radiologist was not. These details are now in the Materials and Methods. All patients underwent a clinical evaluation consisted of ODI and VAS at 2 days, and at 3, 6, 12, and 24 months after the operation. . MRI examinations demonstrated L3-S1 internal fixation, lumbar disc herniation (LDH) of L5-S1, and compression nerve root on right side.
Statistical Analysis
All statistical analyses were performed using SPSS software (SPSS, Inc, Chicago, IL). Patient demographic data and postoperative follow-up data are presented as the mean AE STD.
RESULTS
After going through a primary posterior approach with instrumentation, all of the 35 patients included in the study suffered from recurrent disc herniation. Attempts at conservative management of the recurrences were futile. These included epidural injections, oral or intravenous administration of corticosteroid, and physical therapy. They were, therefore, considered for reoperation and underwent mini-open ALIF procedures. During the surgery, the extruded disc fragments were completely removed, and this was verified by direct visualization ( Figure 5A ) during the surgery. Postoperative radiological tests were also confirmed for this purpose ( Figure 5C, D) .
Surgical Result
The mean operating time was 115 minutes (range: 102-155 min). Intraoperative estimated blood loss averaged 70 mL (range: 50-95 mL), and no blood transfusion was necessary. Hospital stays averaged 6 days (range: 4-9 days). Surgical data are organized in Table 1 .
Radiological Result
Preoperative MRI showed posterior instrumentation and the disc herniation in the foramen causing foraminal or lateral recess stenosis and nerve root compression. Postoperative anteroposterior and lateral plain radiographs, and CT scans were taken for all patients on follow-ups after 2 days, 3 months, 6 months, 12 months, 24 months, and also MRI was obtained at 12 months. Ideal placement of interbody fusion cages was verified by using postoperative anteroposterior and lateral views radiography in all patients ( Figures 3D and 5C, D) . MRI 12 months after surgery showed adequate decompression in all 35 patients, without any compression of spinal cord and nerve roots (Figures 3 and 6CFigures 3E, F and 6C ). There were no signs of injury to the spinal cord or retroperitoneal soft tissues. We found that 22 patients (62.8%) and 27 patients (77.1%) demonstrated a solid fusion according to CTs at 6 months and 12 months post-op, respectively, and all patients demonstrated a solid fusion at 24 months post-op follow up, as indicated by normal position and morphology of the fusion cage, internal fixation without fracture or slip, and absence of radiolucencies around the area of instrumentation.
Clinical Result
We assessed pain intensity in all patients pre-operatively and postoperatively using a VAS. Disability was quantified using the ODI. Post-op follow-ups were at 2-day, 3-month, 6-month, 12-month, and 24-month intervals. VAS scores decreased from an average of 7.9 pre-operatively to 1.6 postoperatively. ODI was reduced from 78.8 to 23.8% on average from before the procedure to after the procedure, respectively (See Table 2 and Figure 7) . The clinical outcome was graded by treating surgeon according to the modified Macnab criteria; 14 patients (40%) achieved an excellent result, 18 patients (51.4%) a good result, and three patients (8.6%) a fair result.
Complications
No complications related to surgical technique, discectomy, or hardware placement were reported perioperatively. Only two patients reported complications postoperatively. One patient of double-level surgical procedure (L4-L5 and L5-S1) suffered from delayed deep vein thrombosis (DVT) of left lower extremity 1 month after surgery. The patient received conventional therapy for DVT at the local hospital without sequelae. Another male patient reported retrograde ejaculation and unilateral vasodilation of the lower limb.
DISCUSSION
There is no contemporary standard surgical treatment for recurrent lumbar disc herniation. [17] [18] [19] [20] Vishteh and Dickman 21 positively described anterior lumbar discectomy with microsurgical fragmentectomy followed by ALIF as a new surgical option for the management of recurrent disc herniation following primary posterior instrumentation. However, their sample only consisted of a total number of six patients, an insufficient number to accurately make a judgment about the efficacy of the treatment. 21 This article, on the contrary, verifies the mini-open ALIF approach as an effective treatment option for recurrent disc herniation following primary posterior instrumentation by studying a larger sample (n ¼ 35). A small number of complications were reported postoperatively during careful follow-ups. The current work complements a previous report by Vishteh and Dickman. 21 
Posterior Techniques
Previous reports regarding the treatment of recurrent disc herniation all backed the posterior approach. [17] [18] [19] [20] Removal . A, The L5-S1 intervertebral disc was exposed, the disc space was cleaned, and the endplates were prepared for bone fusion. B, fusion cage was fixed. C, D, Postoperative anteroposterior and lateral lumbar X-rays demonstrated optimal position of fusion cage.
of the recurrent herniated disc together with laminotomy or laminectomy as a posterior approach (without fusion) is still a possible surgical option as reported in previous studies. However, some authors argued that this approach is clinically associated with a lower success rate than the first-time lumbar microdiscectomy. 17, 18, 20, 21 Advantages of the anterior approach (ALIF) compared with the posterior approach (PLIF) for lumbar interbody fusion include avoidance of para-spinal muscle trauma and partial denervation, more complete disc excision, less risks related to nerve retraction, shorter operative time, decreased blood loss, less post-operative pain, reduced hospital stay, and quicker functional recovery.
2-5,22
Mini-open Versus Traditional Approach 
Using ALIF for Recurrent Disc Herniation
Certainly, surgical trauma, potential complications, and postoperative morbidity are essential parameters in a surgeon's decision for or against a particular approach. ALIF causes less muscle injury, requires no blood transfusion, no dural tear, negligible epidural bleeding, and entails minimal postoperative pain and early hospital discharge as compared with posterior approaches for recurrent disc herniation. The dissection of perineural scar tissue, retraction of scarred nerve roots and dura, and the resection of facets usually associated with posterior reoperation are circumvented when carrying out the mini-open technique. The reherniated disc material is restricted to the area adjacent to the disc space by the epidural scar tissue, which helps in the removal of the disc fragments. Hence, the procedure was completed easier and faster. In addition, the residual posterior para-spinal tissues are protected through ALIF. This maintains stability of the spine, and can possibly be useful to lessen or delay degeneration of adjacent motion segments. 21 Most importantly, ALIF generously exposes the surgeons to the entire disc space and allows the complete excision of the disc material from within. This eliminates the probability of further recurrent disc herniation at the affected level. Nonetheless, there are also some drawbacks with ALIF for recurrent lumbar disc herniation. Potential complications of the anterior approach include retrograde ejaculation, impotence, retroperitoneal fibrosis, rectus muscle hematoma, pancreatitis, femoral nerve palsy, pseudomeningocele, and latissimusdorsi rupture. also requires the surgeon to be familiar with vascular mobilization and vessel repair to minimize vascular complications. Even though none of the patients in this study had any major vessels injury, the risk cannot be underestimated. Furthermore, ALIF restricts the normal range of motion of the operated disc. Disc herniations displaced rostrally or caudally from disc space cannot be treated by this procedure. As retrograde ejaculation is a prominent risk of the surgery, as experienced by one patient in this study, some authors regard pre-operative banking of sperm as an option. 27 The sympathetic dysfunctions can be minimized by avoiding excessive electrocautery to prevent pelvic sympathetic disruption and by using bipolar cauterization instead. The key is to preserve the hypogastric sympathetic plexus. Unilateral vasodilation of a lower limb is yet another example of sympathetic dysfunction, as recorded in the complications of this study. Some other disadvantages of ALIF include little prospect for repair of any dural tear in case of cerebrospinal fluid leak and its unsuitability for an unstable spine. In the former case, bone neighboring to the disc space should be removed for repair of the dura by means of sutures.
CONCLUSION
The current data suggest that the mini-open ALIF is an effective treatment option for recurrent disc herniation following primary posterior instrumentation. This technique eliminates the probability of further disc herniation at the affected level. The use of the SynFrame retractor offers a secure operating field, thus reducing approach morbidity.
The mini-open ALIF is an excellent substitute to laparoscopic procedures, omitting the technical difficulties, and high equipment costs in particular. In terms of the clear benefits it offers to patients as compared with the posterior approaches, the mini-open ALIF procedure is likely to be regarded one of the best treatment options for recurrent lumbar disc herniation available currently.
Key Points
Recurrent disc herniation following (any) previous disc surgery occurs in 5 to 15% of cases. This is often treated by further surgical intervention wherein a posterior approach is generally preferred. However, posterior surgery may be problematic if the initial surgery involved posterior instrumentation. A total of 35 recurrent lumbar disc herniation p a t i e n t s f o l l o w i n g p r i m a r y p o s t e r i o r instrumentation underwent the mini-open ALIF. Postoperative follow-up was a minimum 24.3 months. VAS score and ODI percentage decreased significantly from 7.9 AE 0.8 and 78.8% AE 12.4% pre-operatively to 1.4 AE 0.6 and 21.7 AE 4.2% at final follow-up, respectively. Mini-open retroperitoneal anterior lumbar interbody fusion (ALIF) is an effective treatment for patients with recurrent lumbar disc herniation following primary posterior instrumentation.
